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Introduction 
When a student enrolls in a biology lab course he/she is given a set of directions that must 
be followed carefully to gain the knowledge that the lab was designed to teach him/her. The 
student rarely thinks about the effort that went into preparing the lab and directions. This 
thesis was designed so that I could develop the ability to plan, design, prepare and successfully 
run a laboratory for students. 
The basic procedure for these labs consisted of picking a specific topic to be taught, 
writing a set of directions, performing the experiment under strict time requirements, 
modifying the procedure to more closely meet the objectives I chose, and finally to write a 
cogent and easily decipherable set of directions for the student and the instructor. 
The isolation of rat liver mitochondria lab was written for 300 level student who have 
completed the general biology courses and are familiar with cellular biology. 
The transformation, restriction enzyme, and ultraviolet repair labs were written for 300 
and 400 level students with some background in molecular biology. 
The hybridoma module was written for the advanced 400 level student. I believe that the 
tissue culture module should be strongly suggested, but not a necessity for the careful and 
competent student. 
1 
ISOLATION OF RAT LIVER MITOCHONDRIA LABORATORY 
2 
Isolation of Rat Liver Mitochondria 
This laboratory exercise was designed to introduce students to the practice of two basic 
procedures used in biological laboratories, centrifugation and enzyme assays. Centrifugation 
of biological preparations is a common laboratory practice in which large molecular 
complexes, cells, and subcellular organelles can be isolated. Enzymatic assays are methods by 
which a biologist can. monitor his purification procedure. 
The factors that were considered in designing this laboratory were: 
1) Time needed to perform purification and enzyme assay.
2) Source of mitochondria. ·
3) Cost of reagents, material�, and rats
4) Designing a technique in which the mitochondria can be isolation low speed centrifuge
rather than the more potentially dangerous ultracentrifuge.
5) A quick and straightforward enzyme assay.
3 
Isolation of Rat Liver Mitochondria 
Mitochondria are subcellular organelles that localize the enzymes needed for production of 
stable high energy QOmpounds such as adenosine triphosphate. In this lab you will isolate 
mitochondria from rat liver using centrifugation techniques and follow the isolation of the 
mitochondria by measuring the activity of succinate dehydrogenase, an enzyme of the Kreb's 
cycle located in the mitochondria. 
After the cell membranes have been broken by homogenization, you will use two 
centrifugation techniques to separate the components of the homogenate. 
In differential centrifugation you will use a series of increasing centrifugation speeds to 
remove successively smaller particles. The rate at which particles sediment is a function of 
their size, shape, and density. Large structures such as the nucleus and intact cells will 
sediment at fairly low speed centrifugation (600-1200x g). Smaller, less dense particles 
such as mitochondria and endoplasmic reticulum will remain in the supernate. For further 
separation, a higher speed centrifugation must to be applied to the supernate (20,000x g). 
Smaller particles such as mitochondria will now sediment from suspension, leaving the less 
dense endoplasmic reticulum and ribosomes in the supernate. 
The mitochondrial pellet will be solubilized in a buffer and applied to a sucrose density 
gradient. A sucrose gradient is prepared by layering successively less dense solutions of 
sucrose in a centrifuge tube. 
When a sample of mitochondria is applied to one of these tubes and it is placed in a 
centrifuge, the particles will pass through the gradient until it reaches a layer of sucrose that 
is equal to or greater than the density of the particle. 
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Methods 
1) The enzymes of the mitochondria are labile to heat, therefore all solutions must be kept
on ice at all times Ill 
2) The instructor will demonstrate homogenization of the rat liver.
3) Transfer 1 O ml rat liver homogenate in 0.01 M Tris, 0.01 M MgCl2 , 0.25 M sucrose, pH
8.0 to a centrifuge tube for the SM 24 rotor. Transfer 0.5 ml to a tube labeled SM (Starting 
Mitochondria). 
4) Using an identical tube and water, balance the tubes using a double pan balance.
5) Place the tubes in opposing holes in the SM 24 rotor. Note the hole numbers.
6) Centrifuge the tubes at 3000 rpm (111 Ox g) for 3 minutes.
7) Carefully remove the tube from the rotor. You will see a pellet on the bottom of the tube.
What does this pellet contain? Carefully pour off (decant) the supernate to a fresh 
centrifuge tube. Remove 0.5 ml to a labeled test tube for assay later. Be sure everything is 
kept on icel 
8) Using your blank tube and water, rebalance the supernate tube on the double pan balance.
9) �lace the tubes in opposing holes in the SM 24 rotor. Note hole numbers.
1 O) Centrifuge the tubes at 13,000 rpm (20,8_50x g) for 5 minutes. 
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11) Carefully remove your tubes from the centrifuge. You will see a pellet on the bottom of
12) Decant and discard the supernate. Carefully resuspend the pellet in 8.0 ml of 0.01 M
Tris, 0.01 M MgCl2, pH 8.0, 0.25 M sucrose· using a pasteur pipet. 
13) Rebalance your tubes, and place the tubes in opposing holes in the SM 24 rotor. Note the
hole numbers. 
14) Centrifuge the tubes at 13,000 rpm (20,850 x g) for 5 minutes.
15) While the centrifuge is spinning in step 14, prepare 2 sucrose density gradient tubes.
Add 3.0 ml of 50% sucrose (d=1.23 g/ml) to a centrifuge tube. Holding the tube at an angle, 
carefully layer 2.0 ml of 40% sucrose (d=1.18 g/ml) and 2.0 ml of 30% sucrose 
(d=1.13g/ml)using a volumetric pipet. If you were very careful you will see an interphase 
at the junction of each of the densities of sucrose. Using a marker, place a dot at each 
interphase. If the density of mitochondria is 1.18-1 .19 g/ml where would you expect the 
mitocho,:idria to sediment? 
16) When the centrifuge stops, carefully remove your tubes from the centrifuge.
17) Resuspend the pellet in 1.4 ml 0.01 M TRIS, 0.01 M MgCl2 pH 8.0, 0.25 M sucrose
using a pasteur pipet. Remove 0.4 ml to a labeled test tube. 
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18) Carefully layer your mitochondrial sample on top of the 30% sucrose of your best
gradient tube. 
SAMPLE 
30::CSUCROSE 
40�SUGR0SE 
50::CSUCROSE 
19) Being careful not to disturb your gradient, balance your tubes and place the tubes in
opposing holes in the SM 24 rotor. Note the hole numbers. 
20) Centrifuge your sample at 15,000 rpm (27, 750x g) for 15 minutes.
21) Carefully remove your tubes from the centrifuge without disturbing the gradient. The
mitochondria will appear as a brownish layer. Very carefully remove the top 1 ml with a 
pasteur pipet to a tube labeled TLS (Top Layer Sucrose). Using a fresh pipet (Squeeze the 
bulb before you enter the gradientll) slowly go through the gradients without disturbing them 
and remove the brownish layer and transfer to a tube labeled MP (Mitochondria Pellet). 
7 
succ;nate Pehydroaenase Assay
2, 6 - dich�rophenolindlphenol (DICPIP) is a blue dye in its oxidized state and forms a 
colorless solution upon reduction. Certain dehydrogenases such as succinate dehydrogenase 
catalyze 1he transfer of electrons from substrates to NAO to form NADH. The NADH can then 
donate electrons to DICPIP. The reduction of DICPIP will cause it to lose its blue color. You 
will monitor this loss of color as a means of measuring succinate dehydrogenase activity. 
Prepare a series of tubes as listed below for each sample to measure the succinate 
dehydrogenase activity in your samples.  
Reagents Tube Number 
1 2 3 4 5 6 
0.1M Phoshate buffer pH 7.4, ml 0.5 0.5 0.5 0.5 0.5 0.5 
0.1M Na Succinate pH 7.4, ml 0.5 0.5 0.5 
0.1M Malonate pH 7.4, ml 0.5 0.5 0.5 
0.03% DICPIP, ml 0.5 0.5 0.5 0.5 0.5 0.5 
Starting Mitochondria.ml 0.1 0.1 
Top Layer Sucrose.ml 0.1 0.1 
Mitochondria Pellet.ml 0.1 0.1 
H20 0.5 0.5 0.5 0.5 0.5 0.5 
Incubate 10-15 minutes at 37°C. Read absorbance at 750 nm. 
8 
7 
0.5 
0.5 
0.6 
Submit a report summarizing your results and a discussion of those results. This report 
-should include evidence that what you have purified is in fact mitochondria. Use names to
refer to your tubes, not numbers. Discuss the effects of the substrates in the succinate
dehydrogenase assay.
9 
RESTRICTION ENZYMES LABORATORY 
10 
Introduction to Restriction Enzymes Laboratory Exercise 
In the study of molecular biology, the use of restriction enzymes is a valuable tool for 
cutting, rearranging, and sequencing DNA. The following laboratory was designed to show how 
restriction enzymes can digest a species of DNA into discrete fragments and how these 
fragments can · be separated using agarose gel electrophoresis. 
The factors that were considered in designing this laboratory were: 
1) Cost of reagents. and materials.
2) Time needed to perform the experiment.
3) Sample DNA and restriction enzymes that give an easily decipherable set of fragments.
4) Materials and equipment that are .available to the biology department.
5) Instructions for using ethidium bromide and ultraviolet light.
11 
Restriction Enzymes 
Most bacteria produce a series of enzymes that protect them from infection. These 
enzymes are· known as restriction and modification enzymes. Restriction enzymes can 
recognjze a specific sequence of bases in unmethylated DNA and cut the DNA at that site. The 
modification enzymes are site specific methyl transferases. By methylating its own DNA, the 
host's DNA is protected from the restriction enzymes. 
Nearly all of these restriction enzymes require a specific sequence known as a 
palindrome. These sequences are generally 4-6 base pairs long. Since these enzymes will 
cut at a unique sequence, the number of cuts it can make is limited by the number of times 
that unique ·sequence appears in the DNA. Therefore a particular restriction enzyme will 
produce a unique series of fragments for a particular DNA molecule. A different restriction 
enzyme will produce a different unique family of fragments for the same DNA molecule. 
In this laboratory exercise lamda DNA will be digested using 2 of the following 
restriction enzymes: BamH I, EcoR I, Hae Ill, H\nd Ill, or Xho I. The fragments will then be 
separated by agarose gel electrophoresis and visualized using ethidium bromide and UV light. 
The size of the fragments generated by one of the enzymes will be given. You will plot the 
size of the fragments versus the distance migrated on semi-log paper. From this standard, 
the size of the fragments generated by the second enzyme can be determined. 
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Materials 
Micropipets 
Tubes 
Restriction enzyme buffer {Reaction buffer) 
Restriction enzymes 
Sample loading buffer 
LamdaDNA 
Water Baths {37°C, 55°C, 65°C) 
. 0.7% Agarose 
electrophoresis unit 
Power unit 
Ethidium bromide 
Ethidium bromide staining tray 
Ethidium bromide disposal containers 
Ultraviolet light 
Saran wrap 
Ruler in centimeters 
Semi-log paper 
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Methods 
1} Working in groups of two, students are to set up 3 tubes as follows using glass
micropipets. Be sure to change pipets between each reagent to avoid contamination of the 
reagents. Add reagents in order listed below. 
Reagent tube# 
1 2 3 
1) Reaction buffer 4ul 4ul 4ul 
2) H20 29ul 29ul 33ul 
3) DNA 3ul 3ul 3ul 
4) Enzyme 1 4ul 
5) Enzyme 2 4ul 
2) Place tubes in 37°C bath for 30 minutes.
3) While the tubes are incubating, pour the 0.7% agarose gel as follows:
1) Place glass plate in electrophoresis unit.
2) Place tape on both ends of gel box. Be sure tape seals well.
3) Add 15-20 ml of SS°C 0.7% agarose to gel box.
4) Place comb in agarose.
5) Do not disturb until the agarose has solidified.
4) Remove tubes from 37°C bath. Add 4ul of sample loading buffer to each sample and place
tubes in 65°C bath for 5 minutes. 
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5) While ,tubes are in 65°C bath, remove the comb from the agarose gel and add enough
running buffer to just cover the gel. 
6) CARf;FULLY add 20ul of each sample to a well. Be sure to note the well in which every
. sample was loaded. 
7) Place the top on the electrophoresis unit. With the power off, connect the power supply to
the electrophoresis unit. 
8) Turn power on. Turn the voltage up to 70 volts for 1 hour.
9) When the run is finished turn the power supply off and remove the top from the
electrophoresis unit. 
1 O) Place the gel in the dish provided. Add enough ethidium bromide to cover the gel. 
Incubate for 5 minutes shaking occasionally. 
CAUTION: Ethidium bromide is a teratogen. WEAR GLOVES FOR REST 
OF EXPERIMENT. CLEAN UP ALL SPILLS. WASH YOUR HANDS CAREFULLY 
AT THE END OF THE EXPERIMENT. 
11} Pour ethidium bromide into containers provided.
12) Wash the gel 3 X 1 minute in H20. Discard washes in·containers provided.
13} Place gel in saran wrap.
14} Wearing protective eye wear, place the gel on UV lamp.
15 
CAUTION; 
1) Always wear protective eye shields when working around UV light.
2) Although small amounts of UV light will not harm your skin, mini­
mize your exposure time. 
15) With a ruler, measure in·centimeters, PRECISELY t_he distance each band moved from the
loading well. 
16) Plot your values on 3 cycle semilog paper and determine the sizes of your unknown
fragments. (The distance migrated is plotted on the linear axis, the molecular weight is 
plotted on the logarithmic axis.) 
16 
Questions 
1} Ethidium bromide binds to DNA in between the base pairs. When you visualize your gels
note that the bands closest to the bottom of the gel are less intense. Why? 
2} -Lamda DNA is a linear DNA with a single restriction site for Xho I. Bacteriophage 0174 is
a circular DNA and also has a single restriction site for Xho I. Compare the digestion 
fragments. 
3) Will 5' GGCC 3' and 3' GGCC 5' be cut by the same enzyme?
4) What is the possibility for 2 restriction enzymes to give the same fragments for one
species of DNA? Why? 
5) What is the term for two different restriction enzymes that cut at the same sequence?
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Reaction Buffer 
50 mM Tris HCI pH 7.4 
5 mM MgCl2 ·6H 20
5 mM NaCl 
2 mM Mercaptoethanol 
Running Buffer and Gel Buffer 
40 mM Tris HCI 
0.5 mM Sodium Acetate 
1 mM EDTA 
pH to 7 .9 with Acetic acid 
Sample Buffer 
0.25% Bromophenol Blue 
30% Glycerol 
0.1%SDS 
AgaroseGel 
preparatjon for Instructor 
g/100 ml 
0.6 07 
0.102 
0. 0 3
140 ul 
g /1 
4.84 
0.07 
0. 37
g/10 ml 
0.025  
3 ml 
0.01 
Add 0.7 grams Seakem Agarose ME to 100 ml gel buffer and boil to dissolve. 
Prepare lamda DNA to 0.3ug/ul in 10 mM Tris, 1mM EDTA, pH 7.8. 
Prepare restriction enzymes to 1 unit/ul in reaction buffer . 
If you wish to photograph the gels use Polaroid Type 57 film with a Wratten red filter. 
18 
ULTRAVIOLET REPAIR SYSTEM LABORATORY 
19 
Introduction to Ultraviolet 
Repair Systems 
The following laboratory exercise was designed to show that ultraviolet light can cause 
mutations in the DNA of living organisms and that these organisms have systems that can 
repair these mutations. 
The factors that were considered in designing this laboratory were: 
1) rec+ and rec· strains of bacteria that are easily grown and readily available.
2) Cost of reagents and materials.
3) Time needed to properly perform the experiment.
4) Materials and equipment available to the biology department.
5) Careful instruction for using potentially dangerous ultraviolet lamps.
20 
ULTRAVIOLET REPAIR SYSTEMS 
Ultraviolet radiation is the portion of the electomagnetic spectrum that coincides to the 
wavelengths of 200-360 nanometers. This wavelength of the electromagnetic spectrum is 
absorbed by compounds. containing organic rings such as purines and pyrimidines. When UV 
light is absorbed by ONA, a covalent linkage can be formed between adjacent thymine residues 
resulting in the formation of a cyclobutane ring. 
The formation of this cyclobutane ring in adjacent thymine residues in DNA causes 
physical distortion in the DNA molecule that interferes with replication and transcription. 
An example of this interference is exhibited in transcription where RNA polymerase moves 
down the DNA until it encounters a thymine dimer causing it to dissociate from the DNA, 
resulting in incomplete RNA synthesis. 
Over millions of years of evolution organisms have developed repair systems that can 
correct a variety of altered structural features of ONA. These systems contain series of 
enzymes that can remove the altered structures and repair the DNA by using the unaltered 
strand as a template. If a bacterium contains a <;tefective gene for one of its repair systems, 
its ability to repair UV damage is compromised. 
In this laboratory you will be given 2 strains of bacteria; one strain will have a viable UV 
repair system (rec+) and the other strain will have a defective UV repair system (rec-). By 
irradiating plates containing bacteria with UV light and then comparing the survival rates of 
the bacteria, it can be determined which bacteria has the defective UV repair system. 
21 
Bacteria JM103 
Bacteria HB101 
1 .5% Agar plates 
Eppendorf pipettors 
Sterile eppendorf pipet tips 
Glass rod spreaders 
Ethanol 
Bunsen burner 
Ultraviolet lamp 
Modified plate cover 
Stop watch 
370c Incubator 
Mater;a,� 
22 
Methods 
1) You will be given 2 samples of bacteria containing approximately 1,000 cells/ml.
2) label 6 plates of 1.5% agar in YT broth for each strain of bacteria you were given.
3) Add 100 ul of' each bacteria 'to each sterile plate. Be sure to put the proper strain on the
lab_eled plate. The bacteria are then spread evenly onto the agar plates using an ethanol flamed 
glass rod. 
4) Repeat step 3 for your remaining 1 O plates.
5) Let plates stand for 1 o minutes.
6) Turn on the UV lamp and allow it to warm up for 1 O minutes.
CAUTION; Ultraviolet light can cause physical damage if you ignore a few simple safety
precautions. 
1) DO NOT look at the UV lamp. It can damage your retina.
2) Always wear eye glasses or safety glasses when working around UV light.
3) Although small amounts of UV light will not harm your skin, minimize your exposure
time by keeping hands {rom under the light. 
7) A top to the agar plates will be provided for you that has half of the top cut out and the
other half covered. This will allow you to expose half of your plate at a time. 
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8) Remove the top from one of your plates and replace it with the cover provided. Place the
plate upside down on the lab bench. 
9) With a marker draw a line on the bottom of the plate corresponding to the open and
covered region of the dish. In addition, mark the covered and open regions of the dish as well 
as the exposure time of 2 seconds. 
1 O) Being careful not to move the top of the p!ate, tum the plate over and place it under the 
UV lamp. The UV lamp should be 15 cm above the plate. 
11) Remove the cover for the UV lamp and start the stop watch simultaneously.
12) After 2 seconds have elapsed, cover the UV lamp.
13) Replace the cover for the 2 second plate.
14) Repeat steps 7-13 exposing your plates for 2,4,6,8,15 seconds for each strain of
bacteria. 
15) Place your plates inverted (agar side up) in the 370c incubator overnight.
16) The riext day, come into the lab and count the colonies on each half of the plate.
17) Plot the time of exposure vs. per cent survival for each of the two strains of bacteria on
semi-log paper. Plot the time of exposure on the linear axis and the per cent survival on the 
logarithmic axis. 
24 
18) Hand in the graphs and a short summary of your results detailing how you decided which
strain was UV sensitive. 
25 
Preparation tor Instructor 
Materials 
Sterile YT Broth (0.8% bactotryptone, 0.5% bactoyeast extract 0.5% NaCl) 
Sterile inoculating loops 
Sterile 1.5 ml tubes 
Spectrophotometer 
Eppendorf pipetors 
Sterile eppendorf tips 
26 
Methods 
1) The night before class the instructor should prepare 2 sterile tubes containing 10 ml of 
YT broth . One tube should be inoculated with JM103 and the second tube should be inoculated 
with HB101. JM103 is rec+ and HB101 is rec-. 
2) The samples are grown overnight at 370 C with vigorous shaking. 
3) The next day immediately before class the Instructor must determine the concentration of 
the bacteria by taking the optical densities of the cultures. It should be noted that the. optical 
densities and concentration of bacteria vary from strain to strain: 
31 ul of JM103 in 1 ml of YT (1/32 dilution) should give an OD550=0.2 for approximately 
1 x1 o9 cells/ml. 
62 ul of HB101 in 1 ml of YT (1/16 dilution) should give an 00550=0.5 for approximately 
5x1 oB cells/ml. 
4) Once the optical densities have been verified the instructor must prepare sterile cultures 
containing approximately 1,000 cells/ml. All dilutions must be done using aseptic technique. 
The dilutions are done by serial dilution: 
27 
HB101 
61 ul in 1 ml YT 
1/16 dilution � 
5x10 8 cells/ml l 
JM1Q3 
32 ul in 1 ml YT 
1 /32 dilution 
1 x1 o9 cells/ml 
1 O ul in 1 ml YT 
1/100 dilution 
5x106 cells/ml 
1 O ul in 1 ml YT 
1/100 dilution 
1x107 cells/ml 
1 O ul in 1 ml YT 
1/100 dilution 
5x1 o4 cells/ml 
1 O ul in 1 ml YT 
1/100 dilution 
1 x1 o5 cells/ml 
500 ul in 25 ml 
1 /50 dilution 
1 x1 o3 cells/ml 
� 
250 ul in 250 ml 
1/100 dilution 
1 x1 o3 cells/ml 
5) The final dilution yields enough bacteria in YT broth for 25 students.
6) Aliquot 1 ml of 1 x1 o3 cells/ml to 1.5 ml sterile tubes for a total of 25 tubes.
28 
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BACTERIAL TRANSFORMATION 
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Bacterial Transformation 
This laboratory exercise was designed to introduce to the students a technique known as 
bacterial transformation, which is used by molecular biologists to introduce an 
extrachromosomal piece of DNA into bacteria. 
The factors that were considered in designing this exercise were: 
1) Using a bacterial strain that was easily transformed.
2) Determining growth conditions and procedures such that the bacteria would be in log
phase of growth when the laboratory begins.
3) Finding a plasmid that contained the genes for B-galactosidase and ampicillin
resistance.
4) Time to perform the transformation and plate out the transformed bacteria that
would meet the constraints of a standard laboratory period.
5) Cost of reagents and materials.
30 
tntroduction to Bacterial Transtormatjon 
The exchange of DNA between bacteria may be accomplished by conjugation, transduction, 
and transformation. In this lab you will introduce an extrachromosomal plasmid into bacteria 
using the technique known as transformation. 
JM83 is a strain of E.coli bacterium that is sensitive to ampicillin ,and unable to 
metabolize the sugar galactose, i.e. amp· gal·. You will treat this bacteria with a CaCl2 
solution. This solution will cause the bacteria to form spheroplasts. These spheroplasts or 
competent cells have a destablized membrane which facilitates the uptake of soluble DNA. 
After spheroplast formation, CaCl2 and plasmid DNA (this plasmid contains the genes for 
ampicillin resistance and galactose metabolism, i.e. amp +, gal+) are added to the 
spheroplasts. The positively charged ca++ binds to the negatively charged DNA. This 
Ca++/DNA complex will adhere to the competent cells. Exposing these cells to 420 C for 2 
minutes causes the cells to internalize the DNA. Following transformation the bacteria are 
spread onto agar plates and incubated overnight. 
31 
Materials 
YT broth (0.8% Bacto tryptone, 0.5% Bacto yeast extract, 0.5% NaCl) 
Culture Dishes (100 mm) containing 1.5% agar, ampicillin, X-gal, IPTG (5-bromo-4-
chloro-3-i ndolyl-8-D-g alactoside) 
Culture Dishes (100 mm} containing 1.5% agar, X-gal, IPTG 
Sterile 50 mM CaCl2 
Sterile TCM (50 mM Tris, 10 mM CaCl2 , 10 mM MgCl2 pH 7.1) 
Sterile pipets 
Sterile glass centrifuge tubes 
Ethanol 
Glass rod spreader 
Bunsen burner 
370c incubator 
Bacteria JM83 
Plasmid pUC18 ( 40 ug/ml) 
32 
Methods 
1) Place 1.5 x 1 O cm tubes and solutions on ice for 5 minutes. All solutions should be ice
cold unless otherwise noted. All procedures are performed using sterile technique. 
2) Transfer 4 ml of bacteria to 1.5 x 1 O cm glass tube.
3) Centrifuge bacteria for 5 min at 6000 rpm in SM24 rotor.
4) Decant supernate and immediately resuspend bacteria in 2 ml so mM cac12.
5) Incubate bacteria on ice for 15 minutes.
6) Centrifuge bacteria for 5 minutes at 6000 rpm in SM24 rotor.
7) Decant supemate and immediately resuspend cells in 0.4 ml 50 mM CaCl2.
8) Add 0.4 ml TCM and 5 ul plasmid (40 ng/ul).
9) Incubate bacteria on ice for 15 minutes.
10) Place bacteria in 420 C bath for 2 minutes.
11) Add 0.4 ml YT media at room temperature to bacteria and incubate at 370c for 20 
minutes. While incubating, label plates used in step 14. 
12) Centrifuge bacteria for 5 minutes at 6000 rpm in SM24 rotor.
33 
13) Decant supernate and carefully resuspend bacteria in 0.5 ml YT at room temperature.
14) Add 0.1 ml of bacteria to each of 2 plates. Plate 1 contains agar, ampicillin, and
galactose substrate. Plate 2 contains agar and galactose substrate. Spread bacteria onto the 
plates using an ethanol flamed glass rod. 
15) Place plates inverted in 370c incubator.
16) Come in the next day and compare the characteristics of the colonies
found on the plates.
34 
auestjons 
1 ) How can you account for the difference in colony number and colony appearance between 
your two plates? 
2) The agar plates you used today contain glucose and a compound known as IPTG. Using the
facts you know about glucose and the lac operon, what is the function of IPTG? 
3) A molecular biologist is studying gene X. The researcher inserts gene X into the
galactosidase gene of the plasmid you used today. The plasmid is. then inserted into a gal· 
bacteria. The bacteria is plated onto an agar plate containing ampicillin and a galactosidase 
indicator called X-gal. X-gal will turn a bacterial colony blue in the presence of an active 
galactosidase gene. After incubating the plates ovemigh� two types of colonies are seen, white 
and blue. Which colony has gene X and how do you know this? Does this color colony 
necessarily have the gene? 
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Preparation for Instructor 
1) For 20 students grow JM83 overnight in 100 ml YT broth (0.8% bactotryptone, 0.5%
bacto yeast, 0.5% NaCl). 
2) To make culture dishes sufficient for the use of 20 students, autoclave 2 x 500 ml YT
broth plus 7.5 g agar per 500 ml YT broth. 
3) Let the agar cool to approximately 55oc,. To one of the flasks add 0.5 ml of 0.1 g/ml
ampicillin. Be sure to label the flask. Pour 15-20 ml of agar into a sterile 100 mm culture 
dish. Be sure to label plates containing ampicillin. 
4) When the agar has solidified, add 50 ul 2% X-gal in dimethylformamide (sterile filtered)
and 1 O ul of 25% IPTG in H20 (sterile filtered) to each plate. Spread the fluid evenly with
an ethanol flamed glass rod. 
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Jntroduct;on to Hybrjdoma Module 
The technique known as monoclonal antibodies or hybridoma production has revolutionized 
the way antibodies are used in biomedical science. The varied applications of monoclonal 
antibodies in such areas as protein purification, gene cloning, and disease diagnosis to name a 
few, indicate the significance of this powerful technique. Because of the significance of this 
technique and my own personal background, this module for teaching the production of 
monoclonal antibodies was written. 
The factors that were considered in designing this module were: 
1) Time needed to perform the procedures and experiments.
2) Cost of. reagents, materials, and mice.
3). Training the students how to handle mice, and the respect that must be given to animal 
models. 
4) Application of tissue culture technique with regard to hybridomas.
5) Materials that are readily available to the department.
6) In addition to hybridoma technology, the students are also taught to perform Enzyme
Linked lmmunosorqent Assay (ELISA). 
38 
week I 
Lecture 
Laboratory 
Week I 
Lecture 
Lecture and Laboratory Schedule 
Monday (Day 1) 
lmmunoglobulins 
response 
structure 
function 
Animal Handling 
animal riQhts and respect for life 
handling mice and injections 
General overview of hybridomas 
monoclonal antibodies vs. conventional antisersa 
characteristics of cells 
general proc�dure for cell fusions 
Students inject mice 
Friday (Day 2} 
Questions and overview 
Specifics and procedure used for hybridoma production 
Importance of injection schedule and use of adjuvants 
Myelomas 
Polyethylene Glycol (PEG} 
Overview of media 
Sterile technique 
Laboratory 
Inject mice and practice of aseptic technique 
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Week 11 
Lecture 
Laboratory 
Week II 
Laboratory 
Week Ill 
Lecture 
Monda)\ (Day 3) 
Tissue culture 
Review aseptic technique 
handling pipets 
pipetors (pipet aid and 8 channel pipetor) 
antibiotic use 
plates 
order and cleanliness 
Mouse's spleen 
position of spleen 
aseptic removal 
preparation of single cells using screens 
dispersing pellet 
Hema.cytometer 
Inject mice and practice of aseptic technique 
Friday and Saturday {Day 4) 
Students Perform Fusions 
Monday (Day 5) 
Growth characteristics of hybridomas 
cell densities 
acidic media and growth factors 
Expanding cells and keeping organized 
Specif,c techniques for using hybridomas 
RIA 
affinity chromatography 
nucleic acid studies 
western blots 
structural analysis 
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Week Ill Friday (Day 6) 
Lecture 
Various fusion procedures 
Theory and practice of cloning 
Review sterile technique 
Dealing with contamination 
Laboratory 
Feed cells 
Week IV Monday (Day 7) 
Lecture 
Pitfalls of hybridoma production 
Media 
Polyethylene glycol 
concentration vs. exposure time 
Poor cloning efficiency 
Poor expansion 
Ascites fluid production 
Freezing cells 
Thawing cells 
Methods of organization 
ELISA specifics 
Laboratory 
Finding colonies on plates 
Week IV Friday (Day 8) 
Lecture 
Tissue culture review 
ELISA review 
Laboratory 
ELISA - 2 plates per student 
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Immunizing Mice (for use on day 1. 2, 3} 
Handling animals for the first time can be a disturbing experience. Described below is a 
nearly foolproof method of injecting mice intraperitoneally (i.p.). The i.p. route was chosen 
because it produces the maximal immune response. Feel confident in your training and your 
first injection will go smoothly. 
Preparation of Antigen 
1) Weigh out 1 mg of calf thymus histone. Transfer histone to 1.5 ml microfuge tube.
2) Add 1 ml of PBS to tube and vortex to dissolve histones.
3) Using a 1 cc syringe and 22 x 1/2 gauge needle draw up 0.25 ml of the dissolved calf
thymus histone into the syringe. 
4) Label your tube and store it at 40c for your next 2 injections.
Injection of Mice 
1) Grab the mouse by the tail and remove it from the cage.
2) Let the mouse grab the bars on the top of the cage with its forelegs.
3) Pick up the mouse's tail to expose the lower abdomen.
4) Avoiding the anus and the genitals, pierce the fur with the needle at any site on the exposed
abdomen. 
5) Push the needle in until the shaft has completely entered the abdomen. Press the plunger
on the syringe. 
6) Quickly remove the needle from the mouse. Discard the needle and syringe in the boxes
provided. 
42 
7) Place the mouse back in its cage.
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Jjssue Culture (for use on day 2. 3. 4. s, a} 
In the next two labs you will learn basic tissue culture techniques needed for hybridoma 
production. There are many more techniques used in culturing cells than these presented in 
this class, therefore it is strongly suggested that you take the tissue culture module. 
· Most micro-organisms grow more rapidly than the cells you will be growing. These
micro-organisms �an also produce toxins that are lethal to your cells. Therefore it is very 
important that media be tested for contamination, glassware be autoclaved, and aseptic 
technique must always be used. 
Aseptic technique implies the prevention of contaminating materials that are already 
sterile. For the beginner the most difficult part of asceptic technique is the mastery of 
handling pipets without contaminating them with nonsterile objects such as your hands or 
objects inside the hood. The only way to learn the proper method of handling pipets is by 
repetition under the supervision of one who is experienced in methods of tissue culture. 
One common source of contamination is holding a pipet near the dispensing end when fixing 
it to a rubber bulb or pipet aid. If this pipet were placed in a bottle or tube it would 
contaminate those containers. It is very important that you hold a pipet as far from the end 
entering a bottle or tube as possible. 
The breath and dust from a technician's body is another common source of contamination. 
For this reason talking is kept to a minimum when doing tissue culture. It is also very 
important not to lean over your �ulture. This will keep dust and dandruff out of your sterile 
cultures. 
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There are 3 procedures in making monoclonal antibodies where contamination can readily 
occur: removing pipets from cannisters, transferring liquid, and removing a sample of 
supernate to test on ELISA. In today's and next week's lab you will practice the techniques 
using aseptic technique with water and unsterile pipets and plates. When you feel you have 
become proficient at these techniques you will be observed by your instructor. When your 
technique is acceptable you will be required to perform these tasks using sterile apparatus. 
Your transferred media will be incubated and tested for contamination. 
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Performing these techniques appears to be a simple task. Once you attempt these tasks you 
will find that these procedures require conceotration and a steady hand. The only way to 
become proficient at these techniques is by repetition. By practicing again and again you will 
become very efficient at these techniques and save yourself the headache of dealing with 
contamination. 
Remoyioa Pjpets and Transferr;na Ugu;d 
1) Remove the top from pipet cannister.
2) Hold the pipet cannister parallel to the table.
3} Gently shake the cannister until one pipet is· isolated from the rest.
4) Remove 1 pipet from the cannister without contaminating the remaining pipets with your
hands. NOTE : If the pipets come out of the cannister in a group, tilt the .box upright and try 
again. Tilting the opening of the box slightly downward may solve this problem. 
5) Place a bulb on the pipet. Be careful not to touch any part of the pipet that will go into the
bottle. 
6) Transfer fluid from a bottle to a tube.
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Transferring Supemates us;na an a Channel Pipetor 
1 ) Place the pipetor in a rack of Eppe_ndorf pipet tips. · 
2) Press down firmly to attach pipet tips to pipetor.
3) Remove the pipetor from box.
4) Press pipetor plunger down and place the pipetor in your practice tissue culture dish.
Slowly release the plunger. NOTE: Do not worry about contact between the tips and the tissue 
culture dish as both are sterile. 
5) Remove the pipetor from the tissue culture dish .and carefully line up the corresponding
wells on your ELISA plate. 
6) Press the pipetor plunger down to transfer the liquid. NOTE : Be careful not to touch the
ELISA plate with the _pipet tips, simply discard the contaminated tip and place your pipetor in 
the rack of sterile tips. 
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cen fus;on <for use on day 4) 
In this lab you will remove the spleen from a mouse you have immunized and prepare a 
single cell suspension. The spleen cells will be fused with a myeloma cell line using 
polyethylene glycol (PEG). Once the cells have fused, they will be plated in a 96 well tissue 
culture plate using Hypoxanthine, Aminopterin, and Thymidine (HAT). The HAT media is used 
to promote conditions that will allow only hybrid cells to grow. This protocol is split into 3 
sections: 
1) Spleen removal
2) Spleen and myeloma cell processing
3) Cell Fusion and plating
1, Spleen Removal 
1) Place mouse which you have been injecting in ether jar that contains a paper towel
moistened with ether. 
2) Watch for mouse to stop breathing. Wait an additional 30 seconds before removing the
mouse. 
3) Perform a cervical dislocation by placing a metal bar at the base of the skull, and pulling
the tail up firmly. 
4) Place the mouse stomach down on dissecting tray and tack down the fore and back legs.
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5) Saturate the mouse with 70% ethanol (EtOH) from a squeeze bottle.
6) Starting at the base of the tail, pick up the fur with forceps and make an incision approx.
1 cm long. 
7) Following the spinal cord, cut the fur up to the nape of the neck.
8) At the base of the tail, make an incision perpendicular to your first incision down the
left side of the mouse. 
9) At the nape of the neck, make an incision perpendicular to your first incision down the
left side of the mouse. 
10) With your forceps pull the fur back to expose the musculature. You will see a dark,
elongated {approx. 0.5 cm - 1.5 cm) organ just below the rib cage. This is the spleen. 
12) Place your instruments in a beaker containing 70% EtOH and shake off excess.
13) Cut the musculature following the procedure for resecting the fur and epidermis to
expose the spleen. 
14) Place your instruments. in a beaker containing 70% EtOH and shake off excess.
15) GENTLY pick up the spleen with forceps and cut the connective tissue and blood vessels.
Place the spleen in a sterile 50 ml tube containing 30 ml of serum free (SF) RPMI 1640 
media. 
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II, Spleen and Mye!oma cen Processing 
1) Remove 1 screen from aluminum foil with sterile forceps. Place screen in a 100 mm
dish and pour spleen and media onto screen. 
2) Remove the second screen from aluminum foil and place on top of spleen.
3) With a plunger from a 1 o cc syringe, GENTLY push the .spleen between the two screens.
4) Remove the screens with sterile forceps.
5) Transfer spleen cells to a sterile.so ml tube. Wash the plate with 5 ml SF media and
transfer wash to the 50 ml tuba. Centrifuge cells at 900 x g for 1 O minutes. 
6) While spleen cells are centrifuging, remove tissue culture plate containing myeJoma
which the instructor has been maintaining from the incubator. 
7) Transfer myeloma to 2 sterile 50 ml tubes.
8) With a sterile pasteur pipet remove a small aliquot of myeloma and count cells using the
outer four corners of a hemocytometer. 
9} A spleen contains approx. 1 x 108 cells. To obtain a 2:1 spleen:myeloma ratio you will
need 5 x 1 o7 myeloma. Calculate the number of ml of myeloma you need using the following 
equation: 
5 x 1 o7 myeloma cells needed I your cells per ml = # of ml needed 
5 0  
10) You will have an excess of cells, therefore with a sterile pipet remove enough media to
contain the number of ml you need. 
11) Remove the spleen cells from centrifuge and place them in the hood.
12) Centrifuge myeloma at 900 x g for 1 o minutes.
13) Aspirate the supernate from spleen cells. Disperse spleen cells by gently expelling 1 O
ml of SF medium against the pellet. Draw media and cells back into pipet. Holding the pipet 
near the wall of the tube, but not touching the wall, expel the medium again. You may need 
repeat 2 or 3 times. 
14) Remove the myeloma from centrifuge and aspirate supernate. Carefully disperse cells in
1 O ml SF media as previously described. Combine the 2 tubes and bring the volume up to 50 
ml with SF media. 
15) Recentrifuge myeloma at 900 x g for 1 O minutes.
16) Remove myeloma from centrifuge and aspirate supernate. Carefully disperse cells in 1 O
ml SF media as described. 
17) Transfer spleen cells to tube containing myeloma.
18) Wash the tube that contained the spleen cells with 5 ml SF media. Transfer media to tube
containing spleen and myeloma. 
19) Recentrifuge cells at 900 x g for 1 o minutes.
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Ill, Qen fusjon and Plating 
1) Aspirate the supemate from the cells. Tap the tube on the table of the hood to loosen the
cell pellet. 
2) Add 1 ml ot. 50% Polyethylene Glycol (PEG) dropwise over 1.5 minutes while swirling
the tube. 
3) Add 5 ml of SF media dropwise over 1 minute while swirling the tube.
4) Bring the volume up to 50 ml with SF media.
5) Centrifuge cells at 900 x g for 10 minutes.
6) Calculate the number of mis of Hypoxanthine, Aminopterin, Thymidine (HAT) media
needed for a final concentration of 1.5 x 106 cells /ml using the following equation: 
[(1.0 x 10s) + (5 x 101)] / 1.5 x 10s - # of mis of HAT media needed 
7) Aspirate supemate and CAREFULLY disperse cells in HAT media as calculated in step 6.
8) Transfer 25 ml of fused cells to 100 mm dish.
9) Using the 8 channel pipetor, pipet 100 ul of cells per well in a 96 well plate.
10) Wrap plates in saran wrap and place in 370C incubator.
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Ap,pendix 
Media : RPMI 1640 
50% Polyethylene Glycol : 1 ml PEG + 1 ml 1640 
HAT Media : RPMI 1640, 15% Fetal Calf Serum, 2 mM Glutamine, 0.5% Gentamycin (10 
mg/ml}, 1 O mM Hypoxanthine, 0.04 mM Aminopterin, 1.6 mM Thymidine 
53 
EUSA Lab {for use on day 8) 
Enzyme Linked lmmunoSorbent Assay (ELISA) is a quick, easy , and reliable method for 
screening specific antibody secretion in fused cells. In this technique the antigen being 
studied is coated onto a plastic plate which has the ability to strongly bind proteins. Once the 
antigen has bound to the plate, a milk protein is added to block any non specific binding of 
antibodies. The plate is then incubated with supernates from hybridomas. After washing the 
plate; an enzyme labeled immunoglobulin that binds to mouse antibodies is added. Upon 
further washing, -a substrate to the enzyme is added to the P1ate. A colored reaction will occur 
only in those wells where the specific -antibody being tested for was present. 
EUSA Protocol 
1) Add 100 ul of 1 ug/ml Histones in BBS to each well of 2, 96 well plates. Incubate 1 hr
at room temperature (RT). 
2) Decant antigen by "flicking" plate into sink.
3) Add 200 ul of 5% non-fat dry milk in BBS (Blotto) to each well of 96 well plate.
Incubate 1 hr at RT. 
THE ABOVE STEPS HAVE BEEN DONE FOR YOU. 
4) Decant Blotto. Using 2 plates from your fusion steriley remove 100 ul of supernate
from each well using an 8 channel pipetor. Transfer supernates to ELISA plate. Incubate 
plates 1 hr at RT. 
5) Decant supernate. Wash each plate 3X with a squeeze bottle containing BBS. Add 1 oo ul
of 1 /1 000 diluted Sheep Anti-mouse antibody linked to horse radish peroxidase in BBS to 
each well. Incubate· 1 hr at RT. 
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6) Calculate the quantities of each component of developing reagent and weigh out ortho­
phenylenediamine. See appendix. 
7) Decant Sheep Anti-mouse Antibody. Wash plates with squeeze bottle containing BBS.
8) Make up 24 ml developing reagent. Add 100 ul of developing reagent
to each well.
9) Incubate plates at RT until color develops. Usually 5 - 20 minutes.
to) Stop development of color by adding 100 ug of ?M H2S04• 
11) Visually inspect wells . ELISA wells that have color development correspond to tissue
culture wells secreting antibody. 
12) If there was time in this class, the cells from the tissue culture wells that were
secreting antibody would be cloned, and injected into mice to produce ascites fluid which 
contains copious amounts of antibody. 
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Appendix· 
Borate Buffered Saline {BBS) : 0.01 M Borate, 0.9% NaCl pH 8.0 
Antigen : Calf thymus histone at a concentration of 1 ug/ml in BBS 
Developing Reagent : 0.2 M Na HP04 , 0.1 M Citrate pH 5.0 and H20 mixed 
1 :1 (v:v); 0.8 mg/ml ortho-phenylenediamine (OPD); 0.27 uVml 30% H202 . 
Weigh out desired quantity of OPD and place in a dry 100 ml beaker. Mix reagents 
immediately before use. 
CAUTION : OPD is a possible carcinogen. Gloves should be usedllll 
30 % H202 is approx. 300 times stronger than topical H202111 
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Materials and Equipment (H = Hybridoma, E = ELISA) 
Glass volumetric pipets 
Pasteur pipets 
Autoclave canisters 
Autoclave 
Humidified CO2 incubator 
Dissecting tools 
Mice (Jackson Labs) 
Myeloma (AgS.653) 
Glass syringes 
RPMI 1640 media 
Fetal calf serum 
Gentamycin (1 o mg/ml) 
Bottles 
Tissue screens 
20 Gu needles 
Ether and killing jars 
Styrofoam sheets 
Sterile hood 
70% Ethanol 
Pip et-aid 
Sterile tubes, plates, dishes (tissue culture) 
8 channel pipetor 
Eppendorf pipet tips and autoclave boxes 
Non-fat dry milk (BLOTTO) 
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H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H+E 
H+E 
H+E 
H+E 
E 
ELISA plates E 
Sheep anti mouse serum horse radish peroxidase E 
(SIGMA #A 5906) 
Ortho-phenylenediamine (SIGMA #P 1526) E 
Sodium citrate E 
Calf thymus histone (SIGMA #H 6005) E 
Sodium phosphate (dibasic) E 
Sodium chloride E 
Sodium borate E 
Squeeze bottles E 
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